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Abstract 
Here we conduct the first comprehensive assessment of mesozooplankton abundance, biomass, and taxa composition in 
Cyprus coastal waters (Levantine Sea). Mesozooplankton abundance and biomass sampled at several locations around the island 
ranged from 153 – 498 individuals m-3 and 0.7 – 5.2 mg dry weight m-3, respectively, with significantly larger biomass observed 
in winter-early spring (March) than in summer (September). The community was dominated by calanoid and cyclopoid copepods 
throughout the year (80% of total numbers), with higher abundances of predatory taxa (chaetognaths and medusae) in winter and 
cladocerans in summer. Overall, we find that coastal mesozooplankton communities around Cyprus appear to be more similar to 
communities in offshore waters or those around the island of Rhodes than to communities along the mainland Levantine coast. We 
further highlight regional differences in the Eastern Mediterranean by comparing our data with mesozooplankton in the Western 
Aegean (Saronikos Gulf) and Northeastern Aegean Sea (NEA). Distinct spatial differences were observed, for example anthropo-
genic influences in the Saronikos Gulf and the outflow of Modified Black Sea Water in the NEA drove generally greater biomass 
and abundance in these regions. Overall, our comparison supports the concept of a latitudinal gradient in oligotrophy in the Eastern 
Mediterranean, with ultra-oligotrophic conditions found in the Levantine Sea.
Keywords: Zooplankton ecology, zooplankton community structure, Cyprus, Eastern Mediterranean Sea, Levantine Sea, North-
eastern Aegean Sea.
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Introduction
Mesozooplankton influence numerous aspects of 
ecosystem function in the Mediterranean Sea. These taxa 
exert a significant grazing impact on phytoplankton and 
microzooplankton (Siokou-Frangou et al., 2002; Gaudy 
et al., 2003; Zervoudaki et al., 2007), modulate the re-
sponse of the microbial food web to nutrient availability 
(Pasternak et al., 2005), and are the major prey of small 
pelagic fish (Tudela & Palomera, 1997; Nikolioudakis 
et al., 2014). Coastal Mediterranean mesozooplankton 
communities are typically more abundant than in the 
open Sea, but less diverse in terms of species composi-
tion and can differ in terms of species dominance (Gaudy, 
1985; Fernández de Puelles et al., 2003). Seasonality in 
mesozooplankton biomass and community composition 
has been documented both in coastal and offshore areas 
(Scotto di Carlo et al., 1984; Mazzocchi et al., 2011). 
Significant spatial variability has also been observed 
for mesozooplankton in the Mediterranean, particular-
ly in response to mesoscale structures such as offshore 
fronts or eddies (Siokou-Frangou et al., 2010 and refer-
ences therein). For example, Black Sea water entering 
the northeast Aegean (NEA) continental shelf creates a 
strong thermohaline front that enhances mesozooplank-
ton standing stocks (Siokou-Frangou et al., 2009). 
Here we investigate mesozooplankton communities 
in the Eastern Mediterranean, focusing on those around 
the island of Cyprus in the Levantine Sea. Studies of 
mesozooplankton in the Levantine Sea have been spo-
radic and focused exclusively on coastal communities 
along the mainland (El-Maghraby & Halim, 1965; Lak-
kis, 1990; Zakaria, 2006; Uysal & Shmeleva, 2012), or 
in epipelagic offshore waters (Mazzocchi et al., 1997, 
2014; Siokou-Frangou et al., 1997; Pasternak et al., 
2005; Nowaczyk et al., 2011). Mesozooplankton com-
munities off the coast of Cyprus have never been com-
prehensively assessed. Our aim is to establish a baseline 
record of Cyprus mesozooplankton abundance, biomass, 
and taxa composition, and to evaluate potential spatial 
heterogeneity in plankton populations around the is-
land. We sample mesozooplankton communities along 
the south and west coast of Cyprus, influenced by the 
bifurcation of the Mid-Mediterranean Jet, and communi-
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ties on the northwest coast, influenced by the Asia Mi-
nor Current (Menna et al., 2012). We compare our find-
ings to mesozooplankton communities in two relatively 
well-studied locations of the Eastern Mediterranean: the 
coastal waters of Saronikos Gulf in the Western Aegean, 
and the shallow continental shelf waters off the island of 
Lemnos in the NEA. Our comparison is based on collec-
tions made in December-April and August-September, 
time periods when data was available from all regions 
and which should highlight the potential mesozooplank-
ton response to seasonal extremes in nutrient entrainment 
and phytoplankton productivity. 
Materials and Methods
Mesozooplankton were collected along the coast of 
Cyprus using ships of opportunity (fishing vessels and 
small research craft) in March 2010 and September 2010 
at stations of ~125 m water depth (Table 1). Stations 
were located along the southern coast of Cyprus at C1 
(34.9472°N, 34.0028°E), C2 (34.9142°N, 33.6792°E), 
and C3 (34.6242°N, 33.0517°E)), on the west coast at 
C4 (34.7308°N, 32.3789°E), and on the northwest coast 
at C5 (35.2100°N, 32.5667°E; Fig. 1). 2 – 3 consecu-
tive tows for biomass estimation and another 2 – 3 con-
secutive tows for abundance estimation were performed 
at each site by vertical hauls through the water column 
with a 200 μm mesh size net (1 m mouth diameter). Net 
tows were conducted in the morning (between 06:00 and 
13:00 hours) and tow depths averaged ~100 m. Tempera-
ture was also measured on the cruises. Vertical tempera-
ture profiles were collected with each tow using a Sea-
Bird SBE 39 temperature-depth recorder.
On board, mesozooplankton were filtered onto 200 
μm mesh nitex filters for biomass estimation. The sam-
ples were dried at 60°C and weighed for total dry weight 
(dry wt). For abundance and taxa composition, mesozoo-
plankton were preserved in 4.5% borate-buffered forma-
lin and counted using stereomicroscopy. The taxa iden-
tified included calanoid copepods, cyclopoid copepods, 
harpacticoid copepods, ostracods, cladocerans, other 
crustaceans, molluscs, chaetognaths, thaliaceans, appen-
dicularians, and ‘other’ mesozooplankton.
 Cyprus mesozooplankton were compared with me-
sozooplankton collected on the R/V AEGAEO in (a) 
Saronikos Gulf in March 2009 and August 2009 at sta-
tions S7 (37.9236°N, 23.5908°E) and S11 (37.8728°N, 
23.6383°E) in 70 m water depth and (b) in the NEA in 
April 2008 and September 2008 at station N2 (39.7850°N, 
25.5233°E) in 80 m water depth (Fig. 1; Table 1). At each 
of these locations mesozooplankton were collected at 
multiple depth layers (station S7 and S11: 0 – 50 m, 50 – 
70 m; station N2: 0 – 20 m, 20 – 50 m, 50 – 80 m) using a 
WP2 200 μm mesh size net. Samples were split on board, 
with one subsample used for dry wt estimation and the 
other used for taxonomic analysis. The subsamples for 
dry wt estimation collected in Saronikos Gulf were 
preserved with 4% borate-buffered formalin, while the 
subsamples collected in NEA were deep frozen. In the 
laboratory, the above subsamples were handled in a simi-
lar manner to those from Cyprus coastal waters (dried 
at 60°C and weighed for total dry wt). Biomass values 
issued from formalin-preserved samples were increased 
by 30% to account for the weight loss due to formalin 
Table 1. Sampling of mesozooplankton around Cyprus, in Saronikos Gulf (S7 and S11 averaged), and in the northeast Aegean 
Sea (NEA). For each location, information on sampling date, sea surface temperature (SST), and sea surface chlorophyll (SSChl) 
during the sampling month, and results concerning mesozooplankton biomass and abundance (± standard deviation) are given.
SST SSChl Biomass Abundance
Study site Sampling Date °C mg m-3 mg dry wt. m-3 ind. m-3
Winter
Cyprus: C1 24-Mar-10 17.9 0.12 2.1 306 ± 21
Cyprus: C3 17-Mar-10 17.7 0.10 2.6 ± 0.9 343 ± 41
Cyprus: C4 12-Mar-10 17.8 0.08 3.5 ± 0.6 267 ± 19
Cyprus: C5 22-Mar-10 17.5 0.18 5.2 ± 0.2 532 ± 4
Cyprus: AVG 3.5 ± 1.3 334 ± 83
Saronikos Gulf Mar-09 14.5 0.42 11.9 ± 3.0 708 ± 166
NEA 4-Apr-08 13.6 1.08 16.2 771
Summer
Cyprus: C1 29-Sep-10 28.4 0.04 1.8 ± 0.4 497 ± 106
Cyprus: C2 16-Sep-10 28.2 0.04 2.2 ± 0.6 478 ± 92
Cyprus: C3 15-Sep-10 27.6 0.05 2.0 ± 0.1 421 ± 31
Cyprus: C4 17-Sep-10 28.0 0.04 0.8 ± 0.2 211 ± 72
Cyprus: C5 18-Sep-10 28.3 0.05 1.3 ± 0.6 267 ± 64
Cyprus: AVG 1.5 ± 0.7 351 ± 148
Saronikos Gulf Aug-09 25.9 0.17 11.2 ± 0.8 2242 ± 166
NEA 6-Sep-08 22.5 0.29 4.3 912
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preservation (Omori, 1978). Depth integrated values of 
biomass and abundance (m-3) were calculated over the 
whole water column for Saronikos Gulf and the NEA.
At each study site sea surface temperature (SST) and 
sea surface chlorophyll (SSChl) were determined from 
analysis of satellite data. Level 3 SST (MODIS Terra sea 
surface temperature) and SSChl (MODIS Aqua sea sur-
face chlorophyll a) products for each location (a 50 x 50 
km coastal region) were acquired from the NASA God-
dard Earth Sciences Data Services and Information Cen-
ter (disc.sci.gsfc.nasa.gov/giovanni). Monthly averaged 
SST and SSChl were determined for every site for the 
January 2003 – January 2010 time period. Our approach 
aimed at a qualitative understanding of environmental 
conditions rather than a detailed quantitative analysis as 
several corrections were not applied, e.g. for bias in the 
calculation of eastern Mediterranean chlorophyll a con-
centrations (Bosc et al., 2004).
In order to investigate differences in mesozooplank-
ton dry wt, total abundance and taxa abundance between 
locations around Cyprus, the Kruskal-Wallis test was 
used; the same test was used for testing differences re-
garding the above parameters between Cyprus, Saronikos 
Gulf and the NEA. Differences between the two seasons 
were investigated by application of the Student’s t-test. 
The tests were performed using the software package 
SPSS version 22. Similarities between the sampling re-
gions regarding community composition were further ex-
plored using hierarchical clustering and nonmetric multi-
dimensional scaling (MDS), using PRIMER 5 software. 
Group abundance data were square root transformed, the 
Bray-Curtis similarity index was used, and the group av-
erage method was applied.
Results
Cyprus (Levantine Sea)
Based on our satellite analysis, Cyprus coastal SST 
varies between 17°C and 28°C on average over the course 
of the year. Water column temperature profiles were gen-
erally similar at all coastal stations during each quasi-
synoptic sampling period, particularly during the winter 
when water temperatures were vertically homogeneous 
at 17.3 ± 0.3ºC. In summer a 20 – 25 m thick mixed layer 
developed in the upper water column. Temperatures in 
this layer averaged 27.3 ± 0.5ºC at most stations, with 
the exception of C3 where mixed layer temperatures 
were lower (24.3 ± 1.2ºC). Average SSChl in the waters 
around Cyprus was higher in the winter (0.16 – 0.19 mg 
m-3) than in the summer (0.06 – 0.07 mg m-3). 
Mesozooplankton dry wt biomass ranged from 2.1 – 
5.2 mg m-3 during the winter (March 2010) and from 0.8 – 
2.2 mg m-3 during the summer (September 2010; Fig. 2A; 
Table 1). In winter mesozooplankton biomass was slightly 
higher along the northwest coast at C5 compared to the 
other sampling sites, but this difference was not significant 
(Kruskal-Wallis, p > 0.05). However in summer mesozoo-
plankton biomass values on the west and northwest coast 
(C4 and C5) were significantly lower than those along the 
southern coast (C1, C2 and C3; Kruskal-Wallis, p < 0.05). 
Seasonal differences in mesozooplankton biomass along 
the coast were observed when data from all stations were 
pooled. Summer mesozooplankton biomass around Cy-
prus was significantly lower than that measured during the 
winter (t-test, p < 0.001). 
Total mesozooplankton abundances ranged from 267 
– 532 ind. m-3 in winter and from 211 – 497 ind. m-3 in 
summer (Fig. 2B; Table 1). Similarly to biomass values, 
Fig. 1: Mesozooplankton sampling locations in Cyprus coastal waters, in the western Aegean (Saronikos Gulf, SG), and in the 
northeast Aegean Sea (NEA). Sampling was conducted around Cyprus at stations C1 – C5, in Saronikos Gulf at monitoring sta-
tions S7 and S11, and in the NEA at station N2.
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mesozooplankton abundance was highest off the north-
west coast (C5) in winter, but no significant differences 
between the different sampling sites were detected during 
this season (Kruskal-Wallis, p > 0.05). However in sum-
mer significant differences in abundance were detected 
between the different sampling sites (Kruskal-Wallis, p < 
0.05), with mesozooplankton numbers at C4 significantly 
lower than those at southern stations (C1, C2 and C3) 
and abundances at C5 significantly lower than those at 
C1. When data from all stations were pooled, no seasonal 
differences in mesozooplankton abundance were found 
(t-test, p > 0.05).
The composition of mesozooplankton in Cyprus 
coastal waters was dominated by copepods (Table 2), 
which in winter comprised 81% and in summer com-
prised 80% of total mesozooplankton numbers (Table 3). 
The copepods were primarily calanoids both in winter 
(76% of total copepods) and summer (60% of total co-
pepods), although cyclopoids were also abundant during 
both seasons (24 – 39% of total copepods). Only a very 
small population of harpacticoids was found (0.3% of to-
tal copepods). Groups other than copepods were a minor 
component of the total community in both seasons (Ta-
bles 2, 3). In winter and in summer, respectively, appen-
dicularians were 7% and 6% of the total mesozooplank-
ton numbers, cladocerans 0% and 5% (no cladocerans 
were observed in winter tows), ostracods 1.5% and 1.5%, 
and other plankton such as molluscs, chaetognaths, and 
thaliaceans were each around 1% of total mesozooplank-
ton populations. The remaining other mesozooplankton 
taxa were 5% of total mesozooplankton numbers.
The abundance of mesozooplankton taxa did not dif-
fer significantly between the different sampling sites in 
winter (Kruskal-Wallis, p > 0.05). In summer, differenc-
es between the sampling locations were found only for 
calanoid copepods, cyclopoid copepods, and appendicu-
larians (Kruskal-Wallis, p < 0.05). Numbers of calanoid 
copepods in C1 were significantly higher than in C4 and 
C5, numbers of cyclopoid copepods in C1 and C2 were 
significantly higher than those in the C4; finally, numbers 
of appendicularians were higher in C1 than in C4 and C5. 
When mesozooplankton abundance from the different 
sampling sites was pooled together, seasonal differenc-
es were observed for cyclopoid copepods, cladocerans, 
chaetognaths, thaliaceans, and ‘other’ mesozooplankton 
(including hydrozoan medusa; t-test, p < 0.05; Table 3). 
For cyclopoid copepods and cladocerans, the numbers in 
summer were greater than in winter. In contrast, numbers 
of chaetognaths, thaliaceans, and ‘other’ mesozooplank-
ton were higher in winter than in summer.
Aegean Sea: Saronikos Gulf and Northeast Aegean Sea
SST in the Saronikos Gulf varies between 14 – 26.5°C 
and SSChl between 0.17 – 0.52 mg m-3, on average. While 
the temperature range is similar to that in Cyprus waters (Δ 
≡ 12.5°C), the range in SSChl is much greater (Δ
SG
 ≡ 0.35 
mg m-3, vs. ΔCyprus ≡ 0.12 mg m
-3). Mesozooplankton dry 
wt biomass in the Saronikos Gulf was similar during the 
winter (March 2009) and summer (August 2009), however 
abundances of total mesozooplankton were lower in the 
winter than in the summer (Fig. 2; Table 1). 
The mesozooplankton community in the Saronikos Gulf 
was dominated by copepods (84% of total mesozooplank-
ton numbers; Tables 2, 3), specifically calanoids and sec-
ondarily cyclopoids, during the winter. Minor components 
of the community in March 2009 included chaetognaths, 
euphausiid larvae, gastropod larvae and appendicularians 
(each < 3.9% of the total mesozooplankton population). In 
the summer, the community was again dominated by co-
pepods (45% of total mesozooplankton numbers; calanoids 
and secondarily cyclopoids), but also by significant num-
bers of cladocerans (30% of total numbers) and appendicu-
larians (14% of total numbers). Minor components of the 
mesozooplankton community during the summer included 
doliolids, chaetognaths, euphausiids, and echinoderm larvae 
(each < 6.6% of the total mesozooplankton population).
Fig. 2: Mesozooplankton dry weight biomass (A) and total 
abundance (B) in Cyprus coastal waters, in the Western Aegean 
(Saronikos Gulf, S7 and S11 averaged), and in the northeast 
Aegean Sea. Biomass and abundance (± standard deviation) are 
presented for the following seasons: late winter-early spring 
(W) and summer (S). Abbreviations as in Figure 1.
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SST near the island of Lemnos in the Northeast Ae-
gean Sea (NEA) varies between 12 – 24°C, and SSChl 
between 0.29 – 0.93 mg m-3, on average. Again the range 
in SSChl (Δ ≡ 0.35 mg m-3) is greater than that observed 
off Cyprus. Mesozooplankton dry wt biomass in the NEA 
was higher during early spring (April 2008) and than in 
summer (September 2008), while the abundance of me-
sozooplankton was more similar in early spring as com-
pared to summer (Fig. 2; Table 1).
The NEA mesozooplankton community was domi-
nated by copepods in April 2008 (92% of total mesozoo-
plankton numbers; Tables 2, 3). Minor components of 
the community included appendicularians, thaliaceans, 
chaetognaths, ostracods, and molluscs (each < 2.0% of 
the total mesozooplankton population). Copepods were 
dominated by calanoids (80% of total copepods), with 
Table 2. Mean abundance (± standard deviation) of mesozooplankton groups collected around Cyprus (C1-C5), in Saronikos Gulf (S7 
and S11 averaged), and in the northeast Aegean Sea (NEA) in late winter-early spring and summer. Mesozooplankton taxa include cala-
noid copepods (Cal), cyclopoid copepods (Cycl), harpacticoid copepods (Harp), ostracods (Ost), cladocerans (Clad), other crustaceans 
(O. Crust), molluscs (Moll), chaetognaths (Chaet), thaliaceans (Thal), appendicularians (App), and ‘other’ mesozooplankton (O. Zoop).
Cal. Cycl. Harp. Ost. Clad. O. crust. Moll. Chaet. Thal. App. O. zoop.
Study site ind. m-3 ind. m-3 ind. m-3 ind. m-3 ind. m-3 ind. m-3 ind. m-3 ind. m-3 ind. m-3 ind. m-3 ind. m-3
Winter
Cyprus: C1 153 ± 9 47 ± 1 0.2 ± 0.3 3.3 ± 1.1 0.0 0.8 ± 0.6 1.3 ± 0.04 3.2 ± 1.0 9.1 ± 8.9 35 ± 34 20 ± 7
Cyprus: C3 198 ± 7 48 ± 8 0.0 4.6 ± 2.5 0.0 1.1 ± 1.5 1.4 ± 2.0 3.9 ± 2.5 0.0 41 ± 6 13 ± 6
Cyprus: C4 195 ± 43 54 ± 14 0.8 ± 1.1 1.8 ± 0.2 0.0 3.7 ± 3.0 1.8 ± 0.2 3.7 ± 3.0 4.5 ± 1.8 4 ± 3 18 ± 1
Cyprus: C5 278 ± 2 112 ± 7 0.8 ± 1.1 12 ± 1.4 0.0 4.7 ± 0.8 8.1 ± 0.3 6.2 ± 0.9 4.9 ± 0.9 12 ± 5 25 ± 12
Cyprus: AVG 206 ± 51 66 ± 30 0.4 ± 0.7 5.3 ± 4.2 0.0 2.6 ± 2.2 3.1 ± 3.2 4.2 ± 2.0 4.6 ± 4.9 23 ± 21 19 ± 7
Saronikos 
Gulf 334 ± 98 264 ± 92 0.0 0.5 ± 0.8 0.0 39 ± 6 36 ± 36 23 ± 13 0.0 5 ± 6 7 ± 2
NEA 570 140 0.5 3.8 0.0 2.9 1.3 9 9 16 16
Summer
Cyprus: C1 252 ± 43 148 ± 51 1.7 ± 3.0 7.8 ± 4.2 11 ± 3.2 2.8 ± 1.7 5.5 ± 7.5 3.1 ± 3.8 2.5 ± 3.0 40 ± 8 18 ± 6
Cyprus: C2 206 ± 66 141 ± 8 0.4 ± 0.7 2.9 ± 3.0 36 ± 28 6.4 ± 6.2 5.0 ± 3.2 3.5 ± 4.2 3.1 ± 1.0 32 ± 20 16 ± 9
Cyprus: C3 193 ± 24 127 ± 9 2.3 ± 0.1 7.4 ± 4.9 12 ± 12 3.5 ± 3.4 4.2 ± 2.4 1.1 ± 1.1 0.7 ± 1.3 53 ± 11 13 ± 0.3
Cyprus: C4 80 ± 9 55 ± 9 0.4 ± 0.6 1.8 ± 0.6 6 ± 7 1.8 ± 1.2 1.1 ± 1.8 0.4 ± 0.6 1.1 ± 1.8 3 ± 3 8 ± 4
Cyprus: C5 117 ± 45 76 ± 12 0.7 ± 1.2 5.3 ± 1.1 18 ± 21 2.1 ± 1.8 2.8 ± 1.6 1.4 ± 1.2 0.4 ± 0.6 5 ± 3 8 ± 2
Cyprus: AVG 169 ± 74 109 ± 44 1.1 ± 1.5 5.0 ± 3.7 16 ± 18 3.3 ± 3.4 3.7 ± 3.7 1.9 ± 2.5 1.6 ± 1.8 27 ± 22 13 ± 6
Saronikos 
Gulf
824 ± 
109 186 ± 81 2.2 ± 0.2 0.0 675 ± 286 20 ± 0.9 14 ± 16 20 ± 19 147 ± 30 322 ± 47 31 ± 4
NEA 152 224 1.9 1.4 78 3.8 13 38 299 44 34
Table 3. Overall percent composition of mesozooplankton collected around Cyprus (C1 through C5 averaged), in Saronikos Gulf 
(S7 and S11 averaged), and in the northeast Aegean (NEA) in late winter-early spring and summer. Mesozooplankton taxa are 
those listed in Table 2. Significant differences between winter (W) and summer (S) abundances around Cyprus are indicated.
Cal. Cycl. Harp. Ost. Clad. O. crust. Moll. Chaet. Thal. App. O. zoop.
Study site % % % % % % % % % % %
Winter
Cyprus 62 ± 6 19 ± 5 0.1 ± 0.2 1.5 ± 0.8 0.0 0.7 ± 0.6 0.8 ± 0.6 1.2 ± 0.5 1.5 ± 1.9 7 ± 7 6 ± 2
Saronikos 
Gulf 47 ± 3 37 ± 4 0.0 0.1 ± 0.1 0.0 6 ± 2 6 ± 6 3 ± 1 0.0
0.6 ± 
0.6 0.9 ± 0
NEA 74 18 0.1 0.5 0.0 0.4 0.2 1.2 1.2 2.0 2.0
Summer
Cyprus 48 ± 6 32 ± 6 0.3 ± 0.4 1.5 ± 1.0 5 ± 4 1.0 ± 0.7 1.0 ± 0.9 0.5 ± 0.5 0.4 ± 0.5 6 ± 5 4 ± 1
Saronikos 
Gulf 37 ± 8 8 ± 4 0.1 ± 0 0.0 30 ± 10 0.9 ± 0.5 0.6 ± 0.7 0.9 ± 0.9 6 ± 0.9 14 ± 1
1.4 ± 
0.1
NEA 17 25 0.2 0.2 8.8 0.4 1.5 4.3 33.7 4.9 3.8
Seasonalitya
Cyprus ns S > W* ns ns S > W* ns ns W > S* W > S* ns W > S*
aSignificant differences (t-test) between winter and summer abundances when data from all Cyprus stations was pooled. Significance 
levels: *p < 0.05, **p < 0.01, ***p < 0.005, ns = not significant.
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cyclopoids (20%) and harpacticoids (0.1%) forming 
smaller proportions of the population. In the summer, the 
community was more heterogeneous and was dominated 
by copepods (42% of total mesozooplankton numbers), 
thaliaceans (34%), and cladocerans (8.8%). Less abun-
dant components of the mesozooplankton community 
during the summer included appendicularians, chaeto-
gnaths, molluscs (pteropods), and ostracods (each < 
4.9% of the total mesozooplankton population). Summer 
copepods were dominated by cyclopoids (60% of total 
copepods) and secondarily by calanoids (40%), with a 
small contribution from harpacticoids (0.5%).
Eastern Mediterranean comparison
Mesozooplankton biomass and abundance was com-
pared for samples collected in Cyprus coastal waters, in 
Saronikos Gulf, and in the NEA off the island of Lemnos 
(Table 1). In summer, mesozooplankton dry wt biomass in 
the Saronikos Gulf (11.2 mg m-3) and the NEA (4.3 mg m-3) 
was higher that that observed around Cyprus (1.5 mg m-3), 
and these differences were significant (Kruskal-Wallis, p < 
0.05). Similar differences were observed in winter-spring 
(Saronikos Gulf = 11.9 mg m-3; NEA = 16.2 mg m-3; Cy-
prus = 3.5 mg m-3) although these differences were margin-
ally significant (Kruskal-Wallis, p = 0.053). No differences 
were found for mesozooplankton biomass in the Saronikos 
Gulf and the NEA. Mesozooplankton abundance also dif-
fered between the different sampling areas. In summer, the 
differences (Saronikos Gulf = 2242 ind. m-3; NEA = 912 
ind. m-3; Cyprus = 351 ind. m-3) were significant (Kruskal-
Wallis, p < 0.05) and in winter marginally significant (Sa-
ronikos Gulf = 708 ind. m-3; NEA = 771 ind. m-3; Cyprus 
= 334 ind. m-3; Kruskal-Wallis, p = 0.050). No significant 
differences in mesozooplankton abundance were detected 
between Saronikos Gulf and the NEA. 
While mesozooplankton at all sites were dominated 
by copepods, differences in taxa composition were evi-
dent (Table 3). In particular, cladocerans were important 
components of the summer community in Saronikos Gulf 
and the NEA, but less abundant around Cyprus. During 
summer appendicularians and thaliaceans were also sig-
nificant contributors in Saronikos Gulf and the NEA, re-
spectively, but were not as important in Cyprus coastal 
waters. In winter, calanoid copepods dominated around 
Cyprus and in the NEA, however in Saronikos Gulf cy-
clopoids also were significant components of the com-
munity. These differences in taxa composition drove the 
separation of samples into groups based on hierarchical 
clustering and nonmetric MDS (Figure 3). At 68% simi-
larity level three groups of samples were distinguished. 
The first group included samples from Saronikos Gulf 
and the NEA in summer. Samples from Saronikos Gulf 
in winter constituted the second group. The remainder 
of the samples included all samples from Cyprus (win-
ter and summer) and the NEA in winter. Overall, MDS 
of taxa abundances separated samples from Cyprus and 
those from the Aegean Sea (Saronikos Gulf and the 
NEA), while differences between summer and winter 
were most apparent in Saronikos Gulf and the NEA.
Discussion
Mesozooplankton communities around Cyprus and in 
the surrounding Levantine Sea: Standing stock and 
community composition
Mesozooplankton assemblages in the Levantine re-
flect the depauperate nature of the region, with abundance 
and biomass values among the lowest measured in the 
Mediterranean Sea (Siokou-Frangou et al., 2010; Nowac-
zyk et al., 2011; Mazzocchi et al., 2014). In the Levan-
tine Sea, mesozooplankton abundance measured during 
several field campaigns has ranged from 93 – 370 ind. 
m-3, and mesozooplankton biomass measured during the 
same studies has ranged from 1.1 – 3.8 mg dry wt m-3 
(when using 200+ μm mesh nets; Table 4). Our observa-
tions indicate that Cyprus mesozooplankton abundance 
and biomass are similar in magnitude to these offshore 
populations, suggesting that Cyprus coastal waters are 
similarly extremely oligotrophic and that coastal plankton 
assemblages are strongly influenced by the open Medi-
terranean Sea. Chlorophyll a levels along the Cyprus 
coast are also low (Bianchi et al., 1996) and analogous 
to those found in offshore waters (Vidussi et al., 2000). 
Previous studies indicate coastal and shelf waters in the 
Levantine are dominated by the energetic mesoscale flow 
phenomena found in neighboring deep waters (Zodiatis 
et al., 2003). In the case of Cyprus, the coast is primarily 
influenced by the bifurcation of what has been termed the 
Mid-Mediterranean Jet (Robinson et al., 1991), with one 
portion of the flow moving north along the west coast of 
the island, and the other moving east along the south coast 
Fig. 3: MDS plot of mesozooplankton samples from Cyprus (C1 – 
C5), Saronikos Gulf (S7 and S11) and the NEA (N2) in winter (W) 
and summer (S). Example: station C1 in summer = C1S. Cycles 
include groups of samples identified using hierarchical clustering.
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(Zodiatis et al., 2008). Clearly this significant open Sea 
influence, and the fact that Cyprus coastal regions have 
no significant fluvial inputs (Abousamra, 2003) and are 
generally narrow with an open shoreline (Zodiatis et al., 
2003), underlie the oligotrophic nature of Cyprus waters. 
We can further compare Cyprus mesozooplankton 
assemblages with those found in coastal waters of the 
Levantine mainland, communities that have been studied 
sporadically over the past ~ 50 years (Lakkis, 1990; Za-
karia, 2006; Yilmaz & Besiktepe, 2010; Table 4). Greater 
mainland populations appear to be found in Egyptian in-
shore waters (Zakaria, 2006), likely related to the anthro-
pogenic input of nutrients in the region (Nixon, 2003). 
Populations of mesozooplankton along the Lebanese 
coast (Lakkis, 1984, 1990) are as abundant as those found 
off Cyprus, with large numbers found off Lebanon only in 
the spring (Lakkis, 1984, April – June; 1990). Mesozoo-
plankton abundance and biomass off the southern coast of 
Turkey (Iskenderun and Mersin bays) are relatively high 
(Yilmaz & Besiktepe, 2010; Uysal & Shmeleva, 2012; 
Terbiyik Kurt & Polat, 2013). These large numbers could 
be due to the significant river discharge of nutrients in 
both locations and the anthropogenic impact in Iskende-
run Bay (Koçak et al., 2010; Terbiyik Kurt & Polat, 2013). 
High values in Mersin Bay may also be the result of using 
a small (112 μm) mesh net (which would more effectively 
sample abundant small copepods and copepodites; Calbet 
et al., 2001; Zervoudaki et al., 2006). Interestingly, meso-
zooplankton abundance measured in the present study is 
of the same order of magnitude as that found on Rhodes, 
another eastern Mediterranean island (Siokou-Frangou & 
Papathanassiou, 1989; Table 4). Both islands are subject 
to energetic flow phenomena from the surrounding waters 
(Theocharis et al., 1993; Zodiatis et al., 2008) and have 
narrow continental shelves, factors that clearly underlie 
the strong influence of offshore waters on these island me-
sozooplankton communities.
The general similarity between coastal Cyprus and 
offshore Levantine mesozooplankton populations can be 
extended to their taxa compositions. We have found that 
copepods by far dominate Cyprus mesozooplankton as-
semblages, as has previously been noted for mesozoo-
plankton in the Levantine Sea (Mazzocchi et al., 1997, 
2014; Nowaczyk et al., 2011). In spring and autumn, 
Levantine Sea epipelagic copepods were mainly com-
prised of small calanoids (e.g. Clausocalanus paululus, 
C. furcatus, and Mecynocera clausi) and cyclopoids (e.g. 
Oithona plumifera, O. setigera, and Farranula rostrata; 
Siokou-Frangou et al., 1997; Mazzocchi et al., 2014). 
Our samples from Cyprus were similarly dominated by 
calanoid and cyclopoid copepods, with the percentage 
contribution of each of these orders during September 
remarkably similar to that found in autumn in the 0 – 100 
m layer of offshore Levantine waters (i.e., 68% calanoid 
Table 4. Mesozooplankton populations in offshore and coastal waters of the Levantine Sea. For each study, information on plankton 
net mesh, season (Sp: spring; Su: summer; Au: autumn; Yr: year round), water depth, and ranges in biomass and abundance are listed.
Net Water depth Biomass Abundance
Locale mm Season m mg dry wt. m-3 ind. m-3 Referencea
Levantine (offshore)
central Levantine 200 Au >1000 115 Mazzocchi et al. (1997)
central Levantine 200 Au >1000 216 Siokou-Frangou et al. (1999)
central Levantine 200 Su >1000 1.1 93 Siokou-Frangou (2004)
W Levantine (Crete) 333 Sp >1000 2.1 - 3.5 Koppelmann et al. (2004)b
Cyprus eddy 180 Sp >1000 3.0 293 Pasternak et al. (2005)b
offshore Egypt 220 Yr offshore 370 Zakaria (2006)c
central Levantine 120 Su >1000 6.8 ± 2.2 872 ± 93 Nowaczyk et al. (2011)
central Levantine 200 Sp >1000 3.8 274 Mazzocchi et al. (2013)b
central Levantine 200 Au >1000 2.2 217 Mazzocchi et al. (2013)b
Levantine (coastal)
Cyprus 200 Yr ≤ 150 0.7 - 5.2 158 - 493 This study
Egypt (Alexandria) 200 Yr ≥ 20 3660 - 39000 El-Maghraby & Halim (1965)
Lebanon (Byblos) 200 Yr 200 2 - 20 82 - 3350 Lakkis (1984, 1990)
Egypt 220 Yr inshore 2081 Zakaria (2006)c
Turkey (Mersin Bay) 112 Yr 20 5 - 68 1648 - 14198 Yilmaz & Besiktepe (2010)
Turkey (Mersin Bay) 112 Yr 200 1.4 - 4.6 238 - 1556 Yilmaz & Besiktepe (2010)
Turkey (Mersin Bay) 112 Yr 150 4 - 22 215 - 2221 Uysal & Shmeleva (2012)d
South Aegean (coastal)
Rhodes 200 Yr 50 - 350  33 - 646 Siokou-Frangou & 
Papathanassiou (1989)
acited in Reference section.
bdata extracted using PlotDigitizer (http://sourceforge.net/projects/plotdigitizer/).
c1984 - 1985 data only.
dcopepods only.
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and 30% cyclopoid; Siokou-Frangou et al., 1997). Cy-
clopoids (Oithona spp., Corycaeus spp., and Farranula 
spp.) as well as Clausocalanus spp. and Paracalanus 
spp. have also been found to dominate south and west of 
Cyprus (Pasternak et al., 2005; Mazzocchi et al., 2014) 
and across the Levantine Sea (Nowaczyk et al., 2011). 
The cyclopoids Farranula rostrata, Oncaea media and 
O. mediterranea are mentioned as first dominant species 
among copepods in Lebanon coastal waters from Decem-
ber to March (Lakkis, 1990), while Oithona plumifera, 
O. nana and F. rostrata are among the ten most abundant 
species in the Egyptian coastal waters (Zakaria, 2006). 
The important contribution of cyclopoids in Cyprus 
coastal waters, particularly during the warm season, re-
flect the very oligotrophic conditions in which this taxon 
can thrive (Paffenhöfer, 1993). 
Other mesozooplankton taxa found in Cyprus coast-
al waters include appendicularians, cladocerans, ostra-
cods, molluscs, chaetognaths, and thaliaceans. Appen-
dicularians were the most significant minor contributor 
to the Cyprus mesozooplankton assemblage, reaching 
up to 20% of total mesozooplankton abundance in win-
ter. Their contribution was by far lower in Mersin Bay 
and coastal Egyptian waters during the relevant seasons 
or months (Zakaria, 2006; Yilmaz & Besiktepe, 2010), 
whereas in Iskenderun Bay they represented almost 19% 
of total abundances in summer (Terbiyik Kurt & Polat, 
2013). Appendicularians are able to feed on submicron 
particles (Scheinberg et al., 2005), and their populations 
in the Mediterranean have been linked to those of au-
totrophic picoplankton (Calbet et al., 2001; Yilmaz & 
Besiktepe, 2010) and water rich in dissolved organic 
carbon (and therefore microbial populations; Isari et al., 
2007). Thus it is possible that the relatively large pro-
portion of appendicularians around Cyprus is related 
to the dynamics of the microbial loop in these waters. 
Cladocerans were an important minor component of the 
Cyprus coastal community during the summer, similar to 
Iskenderun and Mersin bays (Yilmaz & Besiktepe, 2010; 
Terbiyik Kurt & Polat, 2013), but in contrast this taxa 
comprised 0.1 – 1.25% of mesozooplankton in offshore 
waters (0 – 200 m layer) of the Levantine Sea in spring to 
autumn (Mazzocchi et al., 1997, 2014; Nowaczyk et al., 
2011). The importance of resting eggs to cladoceran pop-
ulation dynamics likely constrains the range of this taxon 
to predominantly neritic waters (Egloff et al., 1997). Fi-
nally, ostracods were comparatively rare in our coastal 
samples. This may be attributed to our relatively shallow 
(< 100 m) sampling depth, as their relative abundance in 
the Eastern Mediterranean is generally higher in the 100 
– 300 m layer as compared to surface layers (Mazzocchi 
et al., 1997; Siokou et al., 2013). Ostracods were also 
found to be more abundant at deeper rather than shallow 
stations off the island of Mallorca (Fernández de Puelles 
et al., 2003).
Mesozooplankton communities around Cyprus and in 
the surrounding Levantine Sea: Seasonality in plank�
ton dynamics
Our analysis of general trends in satellite-derived 
SST and SSChl around Cyprus indicates a similar sea-
sonal evolution as that found in the greater Levantine 
(D’Ortenzio & Ribera d’Alcalá, 2009), with maximum 
pigment concentrations observed in winter (January – 
March) and minimum concentrations observed in late 
summer (July – September). At the same time, meso-
zooplankton biomass was significantly higher around the 
island in March as compared to September, suggesting 
a potential strong seasonal response from these popula-
tions. Interestingly, mesozooplankton abundance did not 
show the same seasonal signal. This discrepancy may be 
attributed to the large numbers of cyclopoid copepods 
found in Cyprus waters in the summer, which contribute 
little biomass due to their small size and/or thin shape 
(i.e. Oithona plumifera, Oithona setigera). Another sum-
mer signal was the presence of cladocerans, which are 
small and grow rapidly during this season’s favorable en-
vironmental conditions (warm temperatures and a stable 
water column; Siokou-Frangou, 1996; Ribera d’Alcalá 
et al., 2004; Atienza, 2008). In contrast, larger taxa in-
cluding predatory chaetognaths and medusae were more 
abundant around Cyprus in winter. The increase in these 
groups could indicate a larger amount of energy available 
for higher trophic levels during the winter bloom. In con-
cert with these changes, mesozooplankton community 
trophic position as measured using compound-specific 
stable isotope analysis also increased in winter around 
Cyprus (Hannides et al., 2015). 
An interesting finding of our study was that meso-
zooplankton populations at our different sampling sites 
exhibited quantitatively similar seasonal changes, despite 
their exposure to different current regimes. As discussed 
above, mesozooplankton along the southern coast (at sta-
tions C1, C2 and C3) are primarily influenced by the east-
ward branch of the Mid-Mediterranean Jet, as well as by 
eddies and local current systems that form south of the 
island. In contrast mesozooplankton along the northwest 
coast of Cyprus (at C5) are influenced by the westward 
moving Asia Minor Current and associated local flow 
phenomena. Despite this, similar variability in abundance 
and biomass, and similar changes in taxa composition 
(i.e., the appearance of cladocerans in summer) were ob-
served in all locations. Small-scale differences between 
the different sampling sites were found significant only 
in summer, e.g., abundances and biomass off C5 and C4 
(north and west coast) were lower than those found south 
of the island (C1, C2 and C3). This pattern may have been 
caused by the local upwelling phenomena typically ob-
served in the region of station C3 in summer (Zodiatis 
et al., 2003, 2008). Upwelling brings nutrient-rich deep 
water into the euphotic zone, spurring an increase in phy-
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toplankton biomass (as is observed in SSChl images; Zo-
diatis et al., 2008) and apparently larger mesozooplankton 
populations in these coastal waters.  Mesozooplankton 
communities downstream of this location (i.e., stations 
C2 and C1) may also be impacted, as the upwelling signal 
(low SST and high SSChl) can extend along the southern 
coast in summer (Zodiatis et al., 2008). 
Unfortunately for comparative purposes, few data on 
seasonality exist for Levantine mesozooplankton popula-
tions and most studies were performed during only one 
season (Table 4). In coastal communities along the Levan-
tine mainland, mesozooplankton populations appear to in-
crease in spring, e.g., high numbers were observed in Leb-
anese waters in April – May (Lakkis, 1990), peak biomass 
and abundances were found in February – March in Mer-
sin Bay (Yilmaz & Besiktepe, 2010; Uysal & Shmeleva, 
2012) and maximum abundances were observed in April 
in Iskenderun Bay (Terbiyik Kurt & Polat, 2013). In off-
shore waters west of Cyprus, total mesozooplankton abun-
dance was slightly higher in April than in October, while 
biomass values were almost double in the former month 
than in the latter (Mazzocchi et al., 2014). Thus evidence 
indicates generally larger mesozooplankton populations in 
the Levantine during the winter – spring, although signifi-
cant interannual variability has been observed (Yilmaz & 
Besiktepe, 2010). To explore the seasonal cycle in more 
detail, a comprehensive multi-year time-series of meso-
zooplankton in Cyprus waters should be attempted. 
Regional differences in Eastern Mediterranean meso�
zooplankton communities
Longitudinal transects across the Mediterranean have 
routinely documented differences in plankton biomass 
and productivity between the eastern and western basins 
(Siokou-Frangou et al., 2010; Nowaczyk et al., 2011), 
with the eastern basin generally considered ‘ultra-oligo-
trophic’. However the trophic status of the Mediterranean 
Sea is not homogeneous (D’Ortenzio & Ribera d’Alcalá, 
2009), and Mazzocchi et al. (2014) recently documented 
a clear heterogeneity in mesozooplankton communities in 
both basins. Furthermore, in the Eastern Mediterranean 
the trophic nature of coastal environments can be strongly 
impacted by anthropogenic influences, for example in the 
Saronikos Gulf near Athens (Siokou-Frangou, 1996). Off-
shore ecosystems in the Eastern Mediterranean also exhib-
it spatial differences in trophic state. For example, Siokou-
Frangou et al. (2002) documented a latitudinal gradient 
of oligotrophy in the Aegean Sea, with plankton biomass 
and production in the NEA (which is strongly influenced 
by the outflow of Modified Black Sea Water (MBSW)) 
higher than that in the southern Aegean off Crete. Here we 
attempt to place our findings regarding Cyprus mesozoo-
plankton in the context of this regional variability. 
In Saronikos Gulf, we found mesozooplankton pop-
ulations at both stations to be larger than those in Cy-
prus waters, as one might expect given the mesotrophic 
nature of the Gulf (Siokou-Frangou, 1996) and the fact 
that plankton around Cyprus are strongly influenced by 
ultra-oligotrophic Levantine offshore waters. Differ-
ences between the two coastal systems were especially 
pronounced in summer, with numbers of all dominant 
taxa (copepods, cladocerans and appendicularians) much 
larger in Saronikos Gulf. While the water column at both 
sites is well stratified during this season (this study; Zeri 
et al., 2009), our satellite analysis indicates SSChl is 
greater in the Gulf throughout the year. Thus the large 
numbers of mesozooplankton observed in the Gulf in 
this and previous studies (Siokou-Frangou, 1996) could 
be a function of the higher baseline chlorophyll a lev-
els. Moreover cladocerans and appendicularians were 
particularly significant components of the Gulf meso-
zooplankton assemblage during summer, and much more 
dominant than in any of our Cyprus collections. Large 
numbers of cladocerans in the Gulf were previously 
attributed to a food chain based on the microbial loop 
(Siokou-Frangou, 1996) and in fact very high bacterial 
production levels were found in summer by Zeri et al. 
(2009) near station S7. Thus the relatively large Saroni-
kos Gulf mesozooplankton populations are likely also a 
function of the anthropogenically-influenced growth of 
microbial loop components and the taxa (cladocerans, 
appendicularians) that can efficiently feed on them.
Early research recognized the quantitative and quali-
tative distinctiveness of plankton assemblages in the 
northern Aegean (Moraitou-Apostolopoulou, 1972), and 
more recent evaluations have highlighted the relatively 
large NEA plankton abundances, biomass, and production 
(Siokou-Frangou et al., 2002) and characteristic species 
assemblage (Zervoudaki et al., 2006; Siokou-Frangou et 
al., 2009). Plankton production in the NEA appears to be 
fueled by the rapid uptake of nutrients and dissolved or-
ganic material from low-salinity MBSW flowing through 
the Dardanelles Strait (Lykousis et al., 2002), particularly 
at the associated thermohaline front (Zervoudaki et al., 
2007; Siokou-Frangou et al., 2009). The latter study indi-
cates the NEA may be considered meso-oligotrophic, and 
correspondingly we found higher SSChl levels and larger 
mesozooplankton populations in this region compared to 
Cyprus waters. Hannides et al. (2015) also found differ-
ences in trophic structure between the two regions, based 
on their stable isotope composition. Interestingly, the taxa 
driving the large northern Aegean populations changed 
with the seasons. In winter-early spring, NEA mesozoo-
plankton were clearly dominated by small to large sized 
calanoid copepods including Centropages typicus, Cteno-
calanus vanus, and Calanus helgolandicus. Because of 
their large size, C. helgolandicus may have contributed 
disproportionately to the high biomass levels found in the 
NEA in April. In September, the assemblage was charac-
terized by the very significant presence of salps. These 
filter-feeders have the potential to graze on submicron 
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particles (Sutherland et al., 2010), and can efficiently take 
advantage of autotrophic production in the Northern Ae-
gean, which is dominated by < 3 μm cells (Ignatiades et 
al., 2002). While a picoplankton-based food web also like-
ly dominates around Cyprus (as is found in the offshore 
Levantine; Psarra et al., 2005), the stimulation of autotro-
phic production in the NEA by the MBSW outflow and 
efficient channeling of this energy to mesozooplankton 
populations (Siokou-Frangou et al., 2002) appear to sup-
port higher overall biomass levels and occasionally large 
populations of filter feeders such as salps (this study), ap-
pendicularians, and cladocerans (Zervoudaki et al., 2006). 
Differences between regions and seasons in terms of taxa 
composition were confirmed by hierarchical clustering 
and MDS results. Interestingly, the seasonal differentiation 
was found to be more important in Saronikos Gulf and in 
NEA than around Cyprus. Overall, our comparison of me-
sozooplankton in the NEA and in Cyprus waters suggests 
that the ‘latitudinal gradient in oligotrophy’ described by 
Siokou-Frangou et al. (2002) for the Aegean Sea may be 
extended southward, with ultra-oligotrophic conditions 
found in the Levantine Sea.
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